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Enteric coronavirus infection in a juvenile dromedary (Camelus dromedarius ) 

Arno Wunschmann, Rodney Frank, Kem Pomeroy, Sanjay Kapil 

Abstract. A case of an enteric coronavirus infection in a 6-week-old dromedary calf is described. The 
animal had diarrhea for 5 days and died despite symptomatic treatment. Numerous viral particles, approximately 
140 nm in diameter, with club-like projections were detected in the feces by electron microscopy. These char¬ 
acteristics were consistent with a coronavirus. Immunohistochemical reactivity with 2 antigenic group II co- 
ronavirus-specific antibodies confirmed the presence of viral antigen in colonic epithelial cells. The death of 
the animal was attributed to a neutrophilic and emphysematous colitis that likely was caused by an infection 
with a Clostridium sp. 


A 6-week-old female dromedary (Camelus dromedarius ) 
calf with a history of acute diarrhea died 5 days after the 
initial symptoms. According to the owner, the calf was born 
in Missouri on a pasture that was also inhabited by zebras. 
The camel nursed from its mother for 1 week after birth. At 
1 week of age, the calf was separated from its mother and 
shipped to a farm in Wisconsin. Upon arrival, the calf was 
contained indoors and initially fed approximately 1 liter of 
warm calf milk replaced containing oxytetracycline and neo¬ 
mycin 4 times per day. The amount of milk replacer was 
gradually increased to approximately 2 liters per feeding. 
Clover grass hay was available at ah times. The calf had 
contact with miniature horses, zebras, and reindeers that 
were kept in the same barn in different stalls. The calf was 
healthy for approximately 4 weeks. Its weight was approx¬ 
imately 75 kg. Five days before death, the calf developed 
watery diarrhea after initially being bloated. The owner ad¬ 
ministered penicillin (approximately 20,000 units/kg) intra¬ 
muscularly. The calf was presented to the referring veteri¬ 
narian for the first time approximately 1 day after the initial 
signs were noted by the owner. The animal appeared to be 
mildly dehydrated. The calf was treated by the veterinarian 
with butorphanol, b dipyrone, c and flunixin meglumine d intra¬ 
venously and received electrolytes per os because it was still 
drinking. At the second visit 2 days later, the rectal temper¬ 
ature was approximately 35 C (reference range 7 : 36-40 C). 
The hematocrit was slightly elevated (37.5%; reference 
range 13 : 26-31%). The calf was tachycardic (60 heart beats/ 
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minute; reference range 7 : 40-50 beats/minute). The white 
blood cell count was 16,000 leukocytes/ml (reference 
range 13 : 13,000-24,000) with neutrophilia (83%; reference 
range 13 : 53-74%). The anti-inflammatory and antibiotic 
treatment was continued but the calf died and was submitted 
to the Department of Veterinary Diagnostic Medicine, Uni¬ 
versity of Minnesota, St. Paul, Minnesota, for postmortem 
examination. Tissue samples, including small and large in¬ 
testine, lung, brain, liver, kidney, spleen, heart, intestinal 
lymph node, and adrenal gland, were fixed in 10% buffered 
formalin and embedded in paraffin. Sections cut at 4 fim 
were stained with hematoxylin and eosin (HE). Additional 
sections of the intestine were stained with a modified Gram 
stain. Fresh samples of lung and liver were submitted for 
aerobic culture. The intestine was cultured under aerobic and 
anaerobic conditions by routine laboratory procedures. Feces 
were submitted for routine parasitologic examination by flo¬ 
tation techniques. Fecal samples were examined for viruses 
by using direct negative-contrast transmission electron mi¬ 
croscopy as previously described. 8 

Avidin-biotin-peroxidase complex method was used for 
immunohistochemical demonstration of coronaviral and ro- 
taviral antigens as previously described. 419 Two monoclonal 
antibodies against ruminant coronavirus (bovine and elk co¬ 
ronavirus) spike protein 6 (clone Z3A5) and nucleocapsid 
protein 1 (clone 8F2), 1 monoclonal antibody against porcine 
transmissible gastroenteritis virus g (TGE; clone 14-E3), and 
1 monoclonal antibody against bovine rotavirus h (clone 9- 
10) served as primary antibodies. 31619 

At necropsy, the calf was in a good nutritional state. The 
colon and cecum were moderately distended and filled with 
yellow-brown watery fluid. The mucosa of the proximal co¬ 
lon and cecum had multiple, slightly raised, well-demarcat¬ 
ed, red-white mottled areas, which were up to 10 cm in 
length by 5 cm in width (Fig. 1). The mesentery was edem- 
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Figure 1. Section of the opened colon with a well-demarcated, 
mildly raised, reddened area (bottom) that had numerous, whitish, 
emphysematous foci. 


atous. Histologically, marked acute mucosal and submucosal 
emphysema was found in the grossly affected colon and ce¬ 
cum. The submucosa and mucosa were moderately infiltrat¬ 
ed with neutrophils (Fig. 2). The submucosa was edematous 
and had mild, multifocal hemorrhages. Numerous crypts 
contained cellular debris. A moderate number of gram-pos¬ 
itive bacilli, approximately 3-5 pm in length, were attached 
to the multifocally denuded intestinal surface. 

Mixed nonhemolytic coliforms and nonhemolytic Strep¬ 
tococcus sp. were cultured from colon, liver, and lungs. 
Clostridium sp. were not isolated. Parasites, parasite ova, or 
oocysts were not detected in the fecal sample. 

Bovine coronavirus-specific immunohistochemistry dem¬ 
onstrated brown cytoplasmic staining in the epithelial cells 
of multiple colonic crypts (Fig. 3). Crypt epithelial cells ap¬ 
peared to be the target cell in grossly altered colonic areas. 
In contrast, the superficial epithelial cells were almost ex¬ 
clusively infected in the macroscopically normal areas of the 
colon. More epithelial cells were infected in macroscopically 
altered colonic areas than in macroscopically normal areas. 
Bovine coronavirus antigen-specific immunohistochemistry 
of jejunum and lungs and immunohistochemistry for porcine 
transmissible gastroenteritis virus antigen and rotavirus an¬ 
tigen in the colon yielded negative results. 

Numerous viral particles approximately 140 nm in diam¬ 
eter with club-like surface projections were detected by elec¬ 
tron microscopy of the feces (Fig. 4). Enteric coronaviruses 
are common pathogens in pigs and cattle and are frequently 
associated with fatal neonatal diarrhea. 214 A magnitude of 
100,000 virus particles per milliliter of feces are thought to 
be necessary to detect virus particles by direct negative-con¬ 
trast electron microscopy, as performed in the present case. 6 
This high number of virus particles suggests an acute infec¬ 
tion in the present case. 

The source of the infection is uncertain in the present case. 
Coronaviruses are divided into 3 antigenic groups with an¬ 
tigenic cross-reactivity within the groups. Rat coronavirus, 
mouse hepatitis virus, murine enteric coronavirus, human re¬ 
spiratory coronavirus, elk coronavirus, equine coronavirus, 
porcine hemagglutinating encephalomyelitis virus, and bo¬ 
vine coronavirus belong to the antigenic group II. 2A9 ’ 12 The 



Figure 2. Histologic section of the colon with emphysematous 
mucosa. The mucosa and submucosa were infiltrated with neutro¬ 
phils and lymphocytes. Occasional vessel walls had neutrophilic in¬ 
filtration. Moderate acute mucosal edema was present. HE. Bar = 
200 pm. 

immunohistochemical results indicate that the virus of the 
camel calf may be closely related, if not identical, to mem¬ 
bers of group II. Although both monoclonal antibodies used 
for immunohistochemistry have a high specificity for coron- 
aviral spike protein and nucleocapsid protein, they are not 
able to discriminate between coronaviruses of group II. 4 Co¬ 
ronavirus has been isolated from wild living sambar deer, 
white-tailed deer, and waterbuck with diarrhea. 15 These vi¬ 
ruses were antigenetically indistinguishable from bovine co- 



Figure 3. Immunohistochemical section of the colon. Multiple 
epithelial cells of the crypts contained a reddish precipitate indicat¬ 
ing the presence of coronavirus antigen. Avidin-biotin-peroxidase 
method; anti-bovine coronavirus antibody (clone 8F2). Bar = 100 

pm. 
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Figure 4. Direct negative-contrast transmission electronmicros- 
copic demonstration of viral particles in the feces. The viral particles 
were approximately 140 nm in diameter and had club-like surface 
projections characteristic of coronaviruses. Bar = 50 nm. 


ronavirus. Furthermore, coronavirus infection was diagnosed 
in sitatunga and waterbucks in the United Kingdom and elk 
in the USA. 112 The elk coronavirus had 99% homology of 
the nucleocapsid gene sequence with bovine coronavirus. 12 
Bovine coronavirus has been shown to infect epithelial cells 
of the small intestinal villi, colonic crypts, and the upper and 
lower respiratory tract in calves and adult cattle, 2 whereas 
transmissible gastroenteritis virus infection appears to be re¬ 
stricted to epithelial cells of the small intestinal villi and 
respiratory tract in pigs. 14 

Although coronavirus infection has been included as dif¬ 
ferential diagnosis for diarrhea in neonatal camels in text¬ 
books on camel diseases, no report has been made in the 
literature of coronavirus-induced disease in camels 18 . In the 
present camel, the infection was restricted to the colon. 
Among the different regions of the bovine intestine, the spi¬ 
ral colon is most frequently involved and stays positive for 
the longest time by immunohistochemistry. 10 

The coronavirus infection may have predisposed the ani¬ 
mal to the putative fatal clostridial infection. Digestive dis¬ 
orders, such as dietetic diarrhea and bacterial diseases of the 
alimentary system including colibacillosis, Clostridium per- 
fringens infection, salmonellosis, and rotavirus infection are 
the most common causes of mortality in camel calves. 111718 
Clostridial enterotoxemia has been described in dromedaries 
in Asia and Africa as a common cause of neonatal diarrhea, 
and C. perfringens types A, C, and D have been isolat¬ 
ed. 51718 The mucosal and submucosal emphysematous co¬ 
lonic lesions and the presence of gram-positive bacilli seem 
to be consistent with infection with C. perfringens. The fail¬ 
ure to isolate Clostridium sp. in the present case may be 
related to antibiotic treatment. Association of infection with 
Clostridium sp. with enteric viruses has not been described 
in camels in previous reports. 


The possible interspecies coronavirus infection may have 
implication for the cohusbandry of individuals of the family 
Camelidae with individuals of other families such as Bovi- 
dae, Cervidae, and Equidae. Serologic data as well as elec¬ 
tron microscopic and virologic examination of fecal samples 
are needed to study the epidemiology of coronavirus infec¬ 
tions in camels. 

Acknowledgements. We thank Dr. Jennifer Teigen, Glen- 
wood City, Wisconsin, for providing the clinical information 
and submission of the case. We are grateful to Donna Gul- 
branson, Michelle Riedel, Jan Shivers, Cindy Chard-Bergs- 
trom, Dr. Tim O’Brien, and Dr. Erica McKenzie for technical 
assistance and editorial comments. 

Sources and manufacturers 

a. Maxi Care, Land O’Lakes Inc., Arden Hills, MN. 

b. Torbugesic, Fort Dodge Animal Health, Ames, IA. 

c. Novin, Miles, West Haven, CT. 

d. Banamine, Schering-Plough Animal Health Corp., Union, NJ. 

e. Provided by S. Kapil, Kansas State University, Manhattan, KS. 

f. Provided by S. Kapil, Kansas State University, Manhattan, KS. 

g. Provided by L. Saif, Ohio State University, Columbus, OH. 

h. Provided by S. Srikumaran, University of Nebraska, Lincoln, 
NE. 

References 

1. Chasey D, Reynolds DJ, Bridger JC, et al.: 1984, Identification 
of coronaviruses in exotic species of Bovidae. Vet Rec 115:602- 
603. 

2. Clark MA: 1993, Bovine coronavirus. Br Vet J 149:51-70. 

3. Daginakatte GC, Chard-Bergstrom C, Andrews GA, Kapil S: 
1999, Production, characterization, and use of monoclonal an¬ 
tibodies against recombinant nucleoprotein of elk coronavirus. 
Clin Diagn Lab Immunol 6:341-344. 

4. Davis E, Rush BR, Cox J, et al.: 2000, Neonatal enterocolitis 
associated with coronavirus infection in a foal: a case report. J 
Vet Diagn Invest 12:153-156. 

5. El Sanousi SM, Gamed AA: 1993, An outbreak of enterotox¬ 
emia in suckling camels. J Vet Med Assoc 40:525-532. 

6. Flewett TH: 1978, Electron microscopy in the diagnosis of in¬ 
fectious diarrhea. J Am Vet Med Assoc 173:538-541. 

7. Fowler ME: 1986, Camelids. In: Zoo and wild animal medicine, 
ed. Fowler ME, 2nd ed., pp. 969-981. WB Saunders, Philadel¬ 
phia, PA. 

8. Goyal SM, Rademacher RA, Pomeroy KA: 1987, Comparison 
of electron microscopy with three commercial tests for the de¬ 
tection of rotavirus in animal feces. Diagn Microbiol Infect Dis 
6:249-254. 

9. Guy JS, Breslin JJ, Breuhaus B, et al.: 2000, Characterization 
of a coronavirus isolated from a diarrheic foal. J Clin Microbiol 
38:4523-4526. 

10. Kapil S, Trent AM, Goyal S: 1990, Excretion and persistence 
of bovine coronavirus in neonatal calves. Arch Virol 115:127- 
132. 

11. Khanna ND, Tandon SN, Sahani MS: 1992, Calf mortality in 
Indian camels. In: Proc 1st Int Camel Conf, Dubai, February 
2-6 R & W Publications, New Market, England, pp. 89-92. 

12. Majhdi F, Minocha HC, Kapil S: 1997, Isolation and character¬ 
ization of a coronavirus from elk calves with diarrhea. J Clin 
Microbiol 35:2937-2942. 

13. Moore DM: 2000, Hematology of camelid species. In: Veteri¬ 
nary hematology, ed. Feldmann BV, Zinkl JG, Jain NC, 5th ed., 
pp. 1184-1190. Lippincott Williams & Wilkins, Philadelphia, PA. 


Downloaded from vdi.sagepub.com by guest on April 15, 2015 



444 


Brief Communications 


14. Saif LJ: 1999, Enteric viral infections of pigs and strategies for 
induction of mucosal immunity. Adv Vet Med 41:429-446. 

15. Tsunemitsu H, El-Kanawati ZR, Smith DR, et al.: 1995, Isola¬ 
tion of coronaviruses antigenetically indistinguishable from bo¬ 
vine coronavirus from wild ruminants with diarrhea. J Clin Mi¬ 
crobiol 33:3264-3269. 

16. Welsh SKW, Saif, LJ: 1988, Monoclonal antibodies to a virulent 
strain of transmissible gastroenteritis virus: comparison of reactivity 
with virulent and attenuated virus. Arch Virol 101:221-235. 


17. Wernery U: 1999, New aspects of infectious diseases of came- 
lids. J Camel Pract Res 6:87-91. 

18. Wernery U, Kaaden OR: 2002, Bacterial diseases and viral dis¬ 
eases. In: Infectious diseases in camelids, ed. Wernery U, 2nd 
ed., pp. 19-236. Blackwell Science, Berlin, Germany. 

19. Zhang Z, Andrews GA, Chard-Bergstrom C, et al.: 1997, Ap¬ 
plication of immunohistochemistry and in situ hybridization for 
detection of bovine coronavirus in paraffin-embedded, formalin- 
fixed intestines. J Clin Microbiol 35:2964-2965. 


J Vet Diagn Invest 14:444-445 (2002) 

Resistance of domestic cats to a US sheep scrapie agent by intracerebral route 

Amir N. Hamir, Wilber W. Clark, Diane L. Sutton, Janice M. Miller, Mick J. Stack, 

Melanie J. Chaplin, Allen L. Jenny 

Abstract. Feline spongiform encephalopathy (FSE) is thought to have resulted from consumption of food 
contaminated with bovine spongiform encephalopathy and the latter is believed to result from the consumption 
of food contaminated with scrapie. However, no direct experimental documentation exists to indicate that the 
scrapie agent is capable of amplifying in cats, and, therefore, crossing the species barrier. During 1979, 6 cats 
ranging in age from 3.5 to 18 months were intracerebrally inoculated with sheep scrapie (inoculum G-639-PP) 
and were observed for an extended period. Inoculated cats did not develop neurologic disease, and microscopic 
lesions of spongiform encephalopathy were not evident. Immunohistochemistry and Western blot techniques 
failed to detect the abnormal form of prion protein (PrP res ). These results indicate that the sheep scrapie agent 
(G-639-PP) used in this study was not capable of amplifying in cats and therefore was unable to cross the 
species barrier to produce FSE. 


Feline spongiform encephalopathy (FSE) is a fatal neu¬ 
rologic disease that is classified as a transmissible spongi¬ 
form encephalopathy (TSE) or a prion disease. Feline spon¬ 
giform encephalopathy first appeared in the United Kingdom 
(UK) in the 1990s during the epizootic of bovine spongiform 
encephalopathy (BSE), and since then approximately 90 cas¬ 
es of FSE have been seen in the UK and in Europe. 7 Feline 
spongiform encephalopathy is thought to have been trans¬ 
mitted by consumption of food contaminated with BSE, 
which is suspected to have resulted from consumption of 
food contaminated with scrapie. 1 In the United States, at 
least 2 experiments have been conducted to show that intra¬ 
cerebral inoculations of sheep scrapie into cattle produces a 
form of TSE, but the experimental disease is clinicopatho- 
logically different from BSE. 24 Also, a second passage of 1 
of the scrapie inocula failed to induce BSE in the intrace¬ 
rebrally inoculated cattle. 3 Experimental infection of cats by 
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the scrapie agent has not been reported, and, therefore, no 
evidence exists to suggest that the abnormal form of prion 
protein (PrP res ) in scrapie can amplify in cats and thereby 
cross the species barrier. One such experiment was done in 
1979 but results of the study were not reported. Furthermore, 
at that time no in vitro laboratory tests were available to 
confirm the presence of PrP res in tissues of these cats. This 
communication documents results (histopathology, immu¬ 
nohistochemistry, and Western blot) of the 1979 experiment 
that involved intracerebral inoculations of domestic cats with 
sheep scrapie agent. 

In 1979, 2 18-month-old queens (of unknown relation¬ 
ship) and their progeny (2 kittens each, all 3.5 months of 
age) were obtained from a local farmer at Mission, Texas, 
for this study. All were intracerebrally inoculated with 0.5 
ml of a 10% solution (wt/vol) of a scrapie-positive sheep 
brain (Suffolk G-639-PP) that was obtained at death from a 
32-month-old Suffolk ewe with clinical signs of scrapie (Ta¬ 
ble 1). The brain of this ewe was histopathologically positive 
for scrapie and when it was inoculated intracerebrally into 
mice, it produced scrapie in 9 of 10 animals at 352-460 days 
after inoculation. 

During the observation period, none of the inoculated cats 
developed neurologic signs. The cats were euthanized when 
in extremis (because of unrelated medical conditions; Table 
1), and a detailed necropsy was conducted. Representative 
tissue samples were immersion-fixed in formalin, and sam- 
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